The aim of this study was to evaluate the effect of asthma on dentoalveolar morphology in the developing child. Methods: This study was conducted on 50 asthmatic Egyptian children and 50 non-asthmatic Egyptian children. Each child's dental casts of the maxilla and mandible were analyzed. The upper and lower intercanine width, the upper and lower intermolar width (UIMW-LIMW), the upper and lower arch length, and the palatal depth were determined. Results: Children with asthma demonstrated higher mean values in more than one of the parameters measured when compared with the mean values of non-asthmatic children for both genders. In general, the UIMW of asthmatic children had lower mean values when compared with the mean value of non-asthmatic children, except when compared regarding gender. A Student t-test noted a significant difference in UIMW and LIMW in male children. Conclusion: Asthma has an effect on upper and lower dental arch dimensions in both genders.
INTRODUCTION
Asthma comprises a range of heterogeneous phenotypes that differ in presentation, etiology, and pathophysiology.
[1] It has been documented that house dust mite-induced allergy and tobacco smoke allergy have consistently been found to trigger an exacerbation of asthma in children. Also, in children with a strong family history of asthma and fetuses exposed to maternal smoking during pregnancy, have a fourfold increase in the risk of developing "wheezing illnesses". Epidemiological studies have suggested that certain types of outdoor air pollution (a low sulfur and a high diesel particulate environment) increased the severity of childhood asthma. Short-term fluctuations in the levels of air pollution may provoke emergency admissions for asthma or may aggravate existing chronic asthma. Other factors can act as triggers in exacerbating asthma in children, such as viral infections, exercise, changes in weather patterns, cold air, and psychological factors.
[4]
The clinical onset of an asthmatic episode may occur over minutes (acute) or hours and days. Therefore, asthma can present in four gradients of severity depending on the evolution of the asthma attack. [5] Asthma is a chronic inflammatory disease that causes the airways to narrow and produce additional mucus which leads to difficulty breathing. It is characterized by the obstruction of the airflow for a period. This condition is either reversible, either spontaneously or controlled with the support of medication. [6] Mouth breathing can play a crucial role in the growth and the development of the oral cavity and nasal cavity. In mouth breathing, the tongue position within the oral cavity is depressed, and the balance between the forces from the tongue and cheeks is different when compared with healthy children.
[7]
The following three contacts play an important role in growth and development of the oral and nasal cavity. First, a competent lip seal; second, the contacts between the tip of the tongue and the lingual surfaces of the upper central incisors; and third, the contact of the soft palate with the tongue base. When the competent lip seal cannot be achieved, the tongue posture is on the floor of the oral cavity (depression of the tongue). The expansive lateral forces of the tongue against the palate are lost, and there are unopposed medial forces of the buccinators and the masseter muscles.
[8] The effect is additionally effected by a pressure differential across the hard palate in the absence of nasal airflow, leading to a narrow and high hard palate.
[9]
The discrepancy between the buccinator mechanism and the tongue can move the teeth, leading to dental malocclusion. [10, 11] According to Moss' theory of the Functional Matrix, bone growth dynamically responds to both function and the attached soft tissue forces. [12] This disturbance in the oral function results in abnormal growth, and the development of soft tissue and bony structures can cause the craniofacial complex to morph. The dentoalveolar morphology can change the dental arch width, dental arch length, and PD. Based on previous reports, this study focused on the evaluation of changes in the dentoalveolar morphology in asthmatic children.
METHODS

Subjects and selection
This study was conducted on 100 Egyptian children of either gender. The age group selected for this study was 7-12 years old; this is because the first permanent molar erupts at 6 years old in a majority of children. The study excluded children more than 12 years old. The majority of children in this age group have 1 or more unerupted canines.
The study group consisted of 50 asthmatic children with mild or moderate persistent asthma that were selected from the ACIRU, Mansoura University, Children's Hospital. The control group consisted of 50 non-asthmatic children, who were recruited from the outpatient clinic of the Pediatric Dentistry Department, Faculty of Dentistry, Mansoura University. The nonasthmatic children were present in the clinic for routine dental checkups.
The children involved in this study had the following inclusion criteria: the child has had a diagnosis of asthma for at least four years; the child should not have had previous orthodontic treatment or any abnormal oral habits; children without any abnormal physical growth; and, children with class I Angle's molar orthodontic classification and facial symmetry.
Children were excluded from this study for 1 or more of these causes: children or his/her parents refused to participate in the study; missing 1 or 2 deciduous, or permanent canines, or permanent first molars, or grossly destructive caries. Children with retrognathia or who require a rapid intervention by a physician's unit were excluded. The inclusion and exclusion criteria were selected from a previous study, [14] and our Rules of the Ethics Committee of the Faculty of Dentistry, Mansoura University and medical ethics in dealing with children and parents were followed. All requirements of infection control and sterilization were followed. The parents were informed in detail about the objective of this study, and their right to refuse or stop participating at any time. The parents signed the Arabic agreement to participate in the study.
Dental arch assessment
After an oral examination of the children, casts were prepared as follows: a suitable pediatric plastic impression tray was selected and filled with silicone rubber base impression material; the upper and lower dental arch impressions were made; the impressions were poured with dental stone and allowed to dry. Certain points were identified on the dental cast to measure the width and length, [14, 15] with a modified electronic digital caliper [ Figure 1 ]. All of the measurements were completed under similar conditions and recorded. These measurements were repeated three times at one-week intervals. The average of the three readings was recorded for each case in millimeters.
Inter-canine width
The horizontal distance between the cusps of the upper canines was measured to obtain the upper intercanine width (UICW), and in the same manner, the distance between the cusps of the lower canines was measured to obtain the lower intercanine width (LICW) for each child.
Inter-molar width
The horizontal distance between the mesiobuccal cusps of the right and left maxillary first molars was measured to determine the upper inter-molar width (UIMW) and similarly the distance between the mandibular right and left first molars in the lower arch (LIMW) was recorded for each child.
Arch length
The horizontal distance from the inter-molar width line to the labial surface of the central incisors was used to obtain the upper arch length (UAL) and the lower arch length (LAL).
Palatal depth
The palatal depth (PD) was measured vertically from the inter-molar width line to the palatal vault. At the suggestion of Qasem FA, a modification of the electronic digital caliper was made to a conventional electronic digital caliper (Shenzhen Cycwiss Technology Co., Ltd, China) [ Figure 2 ]. This modification was completed with the help of an engineer in the field of sensitive measurement devices. Components were added to the caliper that facilitated the measurements (added 4 cm to the jaw length and 9 cm for the T-shape).
Statistical analysis
Data were tabulated, coded, and analyzed using the computer program IBM SPSS software package version 20.0. Quantitative data were described using range (minimum and maximum), mean, and standard deviation. The significance of the obtained results was judged at the 5% level. The Student t-test was used for normally distributed quantitative variables.
For standardization, a modified electronic digital caliper, and one examiner (Qasem FA) collected all of the data. The measurements were completed under the same conditions and were recorded 3 times at 1-week intervals for each measurement. The average of the 3 readings was recorded for each measurement in millimeters.
RESULTS
One hundred Egyptian children of both genders between the age of 7-12 years were enlisted into the accuracy of measurements by a modified electronic digital caliper for dental casts was in the range of 0.02 to 0.05 mm. The range of percentage of accuracy calculated for all measurements were 95.93-98.85%.
The mean value of the UICW in the non-asthmatic group was 32.19 ± 2.18 mm, while the mean value in the asthmatic group was 32.66 ± 3.02 mm. Statistical analysis of the UIMW was statistically insignificant (P = 0.379). The lower mean value in the non-asthmatic group was 49.06 ± 2.06 mm when compared with the asthmatic group mean value which was 49.91 ± 3.01 mm and is statistically insignificant (P = 0.102). In the UAL, the lower mean value in the non-asthmatic group was 30.09 ± 2.38 mm when compared with the asthmatic group which was 30.50 ± 2.72 mm. Statistical analysis of the UAL was statistically insignificant (P = 0.418). A higher mean value of the PD in the asthmatic group was 14.12 ± 1.65 mm when compared with non-asthmatic group which was 13.94 ± 1.20 mm. Statistical analysis of the PD was statistically insignificant (P = 0.516). Also, compared between asthmatic and non-asthmatic depend on the gender as present in tables [ Tables 2 and 3 ].
In the lower arch, the higher mean value of the LICW in the asthmatic group was 26.50 ± 3.10 mm compared with the non-asthmatic group which was 26.22 ± 2.44 mm. Statistical analysis of the LICW was statistically insignificant (P = 0.613). A higher mean value of the LIMW in the asthmatic group was 44.31 ± 3.57 mm when compared with the non-asthmatic group which was 42.94 ± 2.87 mm. Statistical analysis of the LIMW was statistically significant (P = 0.038). A lower mean value of the LAL in the non-asthmatic group was 26.44 ± 1.93 mm when compared with the asthmatic group which was 27.71 ± 2.49 mm. Statistical analysis of the LAL was statistically significant (P = 0.005). In addition, compared between asthmatic and non-asthmatic depend on the gender as present in tables [ Tables 4 and 5 ]. 
DISCUSSION
The effects of asthma on general body growth and development of children can manifest itself in different ways. Asthma can effect functionally (mechanically) the development of bone structures and soft tissue by changing the mode of breathing to mouth breathing. This disturbance in the development of the craniofacial skeleton depends on the capsular matrix theory of growth.
[
17]
The present study demonstrated a higher mean value in the UICW for the asthmatic children compared with the non-asthmatic children which are statistically insignificant. On the contrary, the higher value observed in both asthmatic and non-asthmatic male children when compared with asthmatic and non-asthmatic female children was statistically insignificant. Most of the previous studies [13, 15, 18] did not measure the UICW of the asthmatic children. However, the result of the present study of the UICW when compared with the non-asthmatic children according to gender agreed with the work of Al-Khafaji.
[19] Al-Khafaji [19] found an increased mean value of the UICW in normal male children, which agrees with the work of Kumar and Nandlal.
[18] Kumar and Nandlal [18] noted a higher mean value of the UICW when comparing asthmatic and non-asthmatic children in both genders. The UIMW demonstrated a higher value of asthmatic children than non-asthmatic children without a statistically significant difference. The result of the UIMW of this study agrees with Kumar and Nandlal [18] work which suggested that the inter-molar width had a higher mean value of the asthmatic children than the non-asthmatic children in both genders without significant difference.
Lione et al., [15] Malhotra et al. [20] and Elisabet and Wenzel [21] disagree with the results of Nandlal's study. They established that the UIMW in asthmatic children had a lower mean value when compared with the non-asthmatic children in both genders. This study disagrees with Yavuz and Oktay [22] who found an increased mean value of the UIMW in normal male children. The difference in the results of our study may be due to the difference in methodology to evaluate the arch dimensions. Yavuz and Oktay [22] depended on a computerized program, a 3D scan, or they used different landmarks when measuring points on the dental cast.
The UAL had a higher value in asthmatic children when compared with non-asthmatic children; however, this is statistically insignificant. In addition, a higher mean value presented in asthmatic and non-asthmatic male children than asthmatic and non-asthmatic female children without a statistically significant difference.
The result of the UAL in this study agrees with previous studies.
[ 13, 18] The previous studies found that the UAL in asthmatic children had a higher mean value than nonasthmatic children in both genders. Höjensgaard and Wenzel [21] and Gungor and Turkkahraman [23] disagree with the results of this study. They concluded that the UAL had a lower mean value in asthmatic children than in non-asthmatic children. Zafarmand et al. [24] found a lower mean value of the UAL in normal male children when compared with non-asthmatic children according to gender. The difference may be due to asthmatic children who participated in this study had mild and moderate persistent asthma controlled with medication that allows dental arch changes as though they are healthy children. Other papers do not mention the severity of asthma and if children's asthma is controlled.
The PD had a higher mean value in asthmatic children compared with non-asthmatic children without identifying a statistically significant difference. The higher value of the PD in our present study agrees with previous studies which have reported that asthmatic children had a higher mean value. This value is statistically insignificant when compared with the same age group of non-asthmatic children. Lione et al. [15] and Höjensgaard and Wenzel [21] found a highly significant difference in the PD in asthmatic children. In addition, Abdulmawjood et al. [25] found a decreased mean value of the PD in normal male children when compared with non-asthmatic children according to gender. The possible explanation of the higher mean value in the PD of the studies [15, 21] may be due to the effect of mouth breathing in some the cases of asthmatic children and insufficient control of their asthma by medication.
The present study observed a statistically insignificant difference in the LICW in asthmatic children compared with non-asthmatic children. Non-asthmatic children demonstrated a higher mean value in males which is statistically significant. Most of the previous studies [13, 15, 18, 21] did not evaluate the relationship between asthma in children and the mandibular dental arch. However, the result of the present study of the LICW when compared with non-asthmatic children according to gender agrees with Lara-Carrillo et al. [26] Lara-Carrillo et al. [26] found an increased mean value of the LICW in normal male children, and Kumar and Nandlal [18] found a higher mean value of lower interincisal width between asthmatic and non-asthmatic children for both genders.
The result of the LIMW demonstrated a statistically significant difference between the asthmatic children compared with the non-asthmatic children (except in male children). In addition, non-asthmatic females had a higher mean value in the LIMW when compared to non-asthmatic males without statistical significance. This result is in accordance with the previous study, [18] of Höjensgaard and Wenzel [21] who suggested that the inter-molar width had a higher value in asthmatic children in both genders without a statistically significant difference. Malhotra et al. [20] disagreed with the result of the LIMW in our study. They reported that the LIMW in asthmatic children had a lesser mean value than non-asthmatic children in both genders, Al-Zubair [27] suggested that male non-asthmatic children had a higher mean value when compared with non-asthmatic females. The variance in the results may be due to the asthmatic children included in this study had mild and moderate asthma; whereas, the previous studies did not delineate the diagnostic levels of asthma.
The LAL displayed a statistically significant difference in asthmatic children when compared with nonasthmatic children. The LAL result of this study agreed with a previous study which demonstrated a statistically significant difference in the LAL of asthmatic children when compared with non-asthmatic children.
[18] On the other hand, Kumar and Nandlal [13] disagreed with the result of this study. Kumar and Nandlal found that asthmatic children had a lower mean value when compared with non-asthmatic children of both genders. The difference with the other studies may be attributed to different ethnic groups, sample sizes, and environmental factors.
Even though our research has accomplished its aims, there were some unavoidable limitations. First, because of time limitations our research was conducted only on a small number of asthmatic and non-asthmatic children. Second, the study was conducted on two types of severity classifications of asthma (mild and moderate). Therefore, the study should have involved different age groups with a larger number of children, dependent on gender, and using different severity classifications of asthma.
This article focused on evaluate effect of asthma on dentoalveolar morphology unstudied enough and previous studies did not focus on asthmatic children in particular but examined attendant variables with asthma.
Asthma effects the development of the dental arches and can cause malocclusion. Therefore, it is important to make an accurate diagnosis and an efficienct treatment plan to prevent exaggeration of oral cavity problems in asthmatic children.
